The biomaterials exploitation in a sophisticated manner can provide extensive opportunities for experimentation in the field of interdisciplinary and multidisciplinary scientific research. Owing to the unique features of this trendy area, research scientists have been directed/redirected their interests in biobased biomaterials for targeted applications in different sectors of the modern world. The present manuscript highlights the novel perspectives of biomaterials as a trendy source to engineer functional entities in numerous geometries for pharmaceuticals, cosmeceuticals, nutraceuticals, and other biotechnological or biomedical applications.
Introduction
Biomaterials have gained special research interests as novel candidates and potential alternatives to the traditional counterparts [1] [2] [3] . In the past few years, numerous efforts have been made to engineer new types of added-value products e.g., bio-composites, antibacterial active materials with natural phenols as functional entities, materials-based carriers for drug delivery purposes etc. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . This trendy area is now moving towards the development of 'greener' technologies and in turn, the principle of 'going green' has directed this search towards eco-friendly, sustainable and functional materials. Words like renewability, recyclability, and sustainability are emphasized in growing environmental awareness. The fact is that environmental legislation is the driving force behind the development of these materials [2] . With ever increasing scientific research, knowledge and socioeconomic awareness, industrial communities are now more concerned about the environmental impact of persistent plastic-based wastes and their synthetic counterparts. The divergence from synthetic to biomaterials is becoming the center of interest for scientific communities and research-based organizations, around the globe. Therefore, in this context, biobased materials are being engineered for target applications in different sectors of the modern world. Research is underway around the world on the development of 'greener' polymer technologies. In recent decades, there has been a growing search for new high-performance products for multipurpose applications in biotechnology at large and biomedical, pharmaceutical and/or cosmeceutical in particular [14] . The principle of 'going green' has directed this search towards eco-friendly materials with multifunctional features [2, 11] . One area that has received limited attention so far, but that will gain in importance as naturally conferring antimicrobial agents use becomes further established, is the incorporation of such novel agents into the materials to provide an antibacterial effect on contact of that material with the target bacterium. Such antimicrobial active biomaterials might have great potential to respond to a new infection before the clinical signs are evident, with the potential to significantly improve patient prognosis. Antimicrobial agents-impregnated materials could be used as medical implants and in applications relevant to hospital hygiene. However, there are also clear industrial and biotechnological requests for materials that are loaded with natural agents that can quickly prevent deleterious microbial action following contamination events. It is intended that a technology platform for future exploitation, e.g. in vivo and ex vivo designs to find out other suitable potential applications such as biomedical implants of these newly developed novel materials, could also be established.
Potential applications of biomaterials
The biomaterials exploitation for biotechnological applications at large and biomedical in particular has several intrinsic advantages that include but not limited to the biocompatibility, biodegradability, renewability, sustainability, and non-toxicity [2, 15] . The sustainability concept is shown in Figure 1 . From the application view point, a wider spectrum of biomaterials and biomaterials based novel constructs has been engineered for target applications with a particular reference to the active antimicrobial constructs. Some of the major examples include bacterial cellulose (BC), collagen, PLA, and chitosan. All these materials have been characterized and well organized/developed into value-added structures, thus can provide a proper route to emulate bio-systems -a biomimetic approach. 
Bacterial Cellulose (BC) -Novel aspects
Apart from plants, cellulose is biosynthesized by certain bacteria, e.g., Rhizobium spp., Agrobacterium spp., Acetobacter spp., and Alcaligenes spp. [2, 16] and termed either bacterial cellulose (BC). Figure 2 illustrates an overview of the BC network produced by bacteria (Acetobacter xylinum). BC is a straight chain polysaccharide, with the same chemical structure as cellulose that is derived from plants. BC has notable advantage of being devoid of lignin, pectin, hemicellulose and other biogenic products that are normally associated with plant cell wall structures [6, 17] . Because of its high purity and special physicochemical characteristics, BC has applications in a wide range of sectors, including food, biomedical (e.g., wound care), and tissue engineering (e.g., nanocomposites) [2, 6, 15, [18] [19] [20] [21] . Therefore, in light of the afore-mentioned characteristics, BC may be a promising candidate for the development of value-added products. Among the possible alternatives, the development of composites, utilizing cellulose as a reinforcement material, are under investigation in almost every industry. There are various methods of manufacturing bio-based products, depending on the processing techniques; e.g., surface casting, ultrasonic-assisted casting, pultrusion, extrusion, injection molding, press molding, hand lay-up, filament winding, sheet molding compounding, and enzymatic grafting [6-8, 22, 23] . Moreover, cellulose offers the ability for surface modification, eco-friendly processing, non-toxic nature, easy handling, and no health risks, while most synthetic polymers pose significant health risks, such as skin irritation and respiratory disease [6, 24] . Cellulose and cellulose-based materials can be used for different applications, including food, paper and packaging, tissue engineering, pharmaceutical, cosmeceutical, electronics, dentistry, and medicine [25] [26] [27] . Figure 3 illustrates various biomedical applications of bacterial cellulose (BC) as a model example from bio-based biomaterials. 
Potential Applications of BC
The high level of purity, change in color, change in flavor, and enormous potential to develop various shapes and textures, makes BC/MC a potential candidate for the food industry. The most popular use of BC in food is the production of Nata, originating from the Philippines; Nata is a traditional sweet dessert in Southeast Asia. Nata is a fermentation product of the bacteria, Acetobacter xylinum. Referred to as Nata de coco and Nata de pina, their flavors are controlled by the coconut water-based and pineapple water-based culture mediums, respectively [28, 29] . Figures 4 and 5 illustrate the schematic representation of the production process for Nata de coco and Nata de pina, respectively [15] . 
Antimicrobial active materials
Bio-based biomaterials are moving into the mainstream applications changing the dynamics of 21 st -century materials and their utilization in drug delivery strategies. Owing to the increasing consciousness and demands to reduce bacterial contaminations in healthcare facilities and possibly to cut pathogenic infections, the engineering aspects of novel active anti-microbial materials are considered to be a potential solution to such a problematic issue [2] . These materials have not only been a motivating factor for the materials scientists, but also they provide potential opportunities for improving the living standard [2, 30] . In past years, several authors have already been reported antibacterial features of several materials including silver nanoparticles [31] [32] [33] [34] [35] . However, excess release of silver nanoparticles inhibits osteoblasts growth and can also cause many severe side effects such as cytotoxicity [31] (Wang et al., 2014) . Therefore, there is a persistent need to prepare green composites using one or more individual biopolymers to reduce or even eliminate the risk of bacterial infection without impairing the cytotoxicity capabilities. The antibacterial mechanism of natural phenols is naturally concomitant due to the presence of active hydroxyl groups. This is because the interaction between natural phenols and bacteria can change the metabolic activity of bacteria and eventually cause their death [7] [8] [9] . Based on an earlier published data, most of the phenolic compounds including gallic acid, p-4-hydroxybenzoic acid, and thymol have an ability to disrupt the lipid structure of the bacterial cell wall, further leading to a destruction of the cell membrane, cytoplasmic leakage, and cell lysis which ultimately leads towards the cell death [2] .
Biomaterials based biocomposites
As mentioned above, there has been increasing research interest in the development of biomaterials-based bio-composites with multi characteristics i.e. (1) stronger, (2) stiffer, (3) lighter along with other multifunctional properties for a variety of industrial and biotechnological applications [2] . A composite is defined as a "material that consists of two or more distinct materials/polymers in order to obtain tailormade characteristics or to improve or impart ideal properties". More importantly, tailor-made characteristics include but not limited to the specific strength, thermal properties, surface properties, biocompatibility, and biodegradability features that the individual material fails to demonstrate on its own [10, 23] . Whereas, a biocomposite can be defined as "composite materials derived from a biological origin and comprise on one or more phases are termed as bio-composites" [22] . A broad definition of a bio-composite is a composite material made up of natural or bio-derived polymers, e.g., BC, PHAs, and PLA [23] . So far, a range of methodologies have been successfully adopted for the production of BC and BC-based composites [2] . Furthermore, potential applications of BC and BC-based composites are also provided in Table 1 . In recent years, cellulose-based materials have been widely employed in the area of infection free wound healing, tissue engineering/implants applications. Naturally occurring phenol grafted P(3HB)-EC bio-composites, on the other hand, are expected to exhibit an excellent HaCaT compatibility and potentially favorable for cell proliferation. Recently, Iqbal et al. [7] have developed a series of novel bio-composites with natural phenols as functional entities and P(3HB)-EC as a base material using laccase as a grafting tool. In-vitro biocompatibility of CA-g-P(3HB)-EC composites i.e., 0CA-g-P(3HB)-EC (control composite); 5CA-g-P(3HB)-EC; 10CA-g-P(3HB)-EC; 15CA-g-P(3HB)-EC and 20CA-g-P(3HB)-EC was achieved with the human keratinocytes-like HaCaT cells [2, 8] . Additionally, the morphologies of cell cultured from all of the test composites displayed healthy shape at 5 days, nevertheless, the amount of HaCaT cells seeded on the surface of 15CA-g-P(3HB)-EC composite was higher than those of 20CA-g-P(3HB)-EC composite ( Figure 6 ). All of the test samples were stained using neutral red dye (5 mg/mL) for 1 h followed by three consecutive washings with PBS at an ambient temperature. All images were taken at 100X magnification (Reproduced with permission from Ref. [2, 11] ).
Concluding remarks and future considerations
In conclusion, through sophisticated design and novel characteristics, the material can be modified to achieve an optimal infective capability. Such materials include but not limited to the biodegradable and biocompatible films and highly porous 3-D constructs. Bio-based biomaterials are versatile to synthesize novel constructs with multifunctional characteristics for potential applications in the biomedical sector. Moreover, a novel type of potent materials could be designed for the management and skin regeneration/repair from injury, particularly burns and ulcers, where the risk of bacterial infection is high. Material structure and performance integrity need to be accessed using a range of analytical and imaging techniques. Considering this scenario, research, production, and commercialization of such novel materials have drawn global efforts from numerous transnational companies as well as highly skilled research groups from around the world and diverse research areas.
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